The substrate specificity of Lemnicola hungarica (Grunow) Round et P.W. Basson was studied on five Lemnaceae species using material from the Herbarium Generale of the Hungarian Natural History Museum. Diatom assemblages inhabiting Lemna minor, Lemna gibba, Spirodela polyrhiza and Wolffia arrhiza were dominated by Lemnicola hungarica, in contrast to assembladges on Lemna trisulca dominated by Cocconeis placentula. An initial or post-initial cell of Lemnicola hungarica has been found in the studied material.
Introduction
Lemnicola hungarica (Grunow) Round et P.W. Basson is a common, widespread diatom, occurring all over the World. Sometimes it is very abundant in biofilms formed on various submersed objects in freshwaters.
In terms of its general appearance Lemnicola hungarica is a very characteristic species, well recognisable especially with its raphe valve. Maybe its most characteristic feature is the thickened, usually asymmetric central stauros on the raphe valve, which reaches the margin. The stauros is absent or very reduced on the rapheless valva. The striae are biseriate, and the distal raphe ends curve in opposite directions. These features can only be well seen on SEM pictures. The shape of the valves are linear-elliptical-lanceolate, with broadly rounded ends. Only a few diatoms are known to live in specific habitats. One of them is Lemnicola hungarica that, according to the literature, is typically attached to the roots of the common duckweed (Lemna minor). Lemnicola hungarica was described from Lake Balaton (Hungary) as Achnanthidium hungaricum in 1863 by GRUNOW. Already in the original description of the species it was noted that it's habitat preference was "in lacunis parvis inter radicula Lemnarum".
Later (1930) HUSTEDT commented on the occurrence of Achnanthidium hungarica as "anscheinend mit Vorliebe an Lemna". This conspicuous coexistence of Achnanthidium hungaricum and its Lemnaceae hosts was probably one of the main reasons for erecting and naming the monospecific genus Lemnicola by ROUND and BASSON (1997) . In 1993 GOLDSBOROUGH presented a complex survey on the ecology of common duckweed epiphytes, including Lemnicola hungarica. Additional details, including ultra-structure, plastid morphology and ecology of Lemnicola hungarica are discussed in GARCIA & FONSECA DE SOUZA (2006) . They also mention the coexistence of this diatom and some unnamed floating plants, without any further information about the host specificity of Lemnicola hungarica.
It has been unclear whether every duckweed species could support the populations of Lemnicola hungarica or it is Lemna minor that lives in coexistence with it? For studying the distribution of Lemnicola on Lemnaceae species first we had to find duckweed populations containing a single species. In most cases the species of Lemnaceae can only be collected in an association that is the thick, floating mats of duckweed containing several Lemnaceae species. Consequently, such composite samples are not suitable for studying host preferences. However, different exsiccate materials could provide a good possibility to answer questions on this matter.
Material and methods
Five species of Lemnaceae (Lemna minor, L. gibba, L. trisulca, Sirodela polyrrhiza, and Wolffia arrhiza) with specimens originating from various countries and preserved in the herbarium of the Hungarian Natural History Museum (BP) were studied ( Fig. 1 ., Tab. 1.).
Altogether 18 samples were analysed. The samples were treated with hot H 2 O 2 , to eliminate organic material, including all the tissues of Lemnaceae. The cleaned material was mounted in Zrax (refractive index is 1.7). Relative abundances of diatoms were calculated after counting 400 valves. For light microscope analysis a LEICA DM LB2 was used (100 X HCX PLAN APO, and Fujifilm Digital Camera FinePix S2 Pro). Scanning electron microscopy was performed with a Hitachi S-2600N. We followed the nomenclature of KRAMMER & LANGE-BERTALOT (1986 -1991 and ROUND and BASSON (1997) .
Standardized Principal Components Analysis (PCA) was carried out with the selected data by the program package SYN-TAX2000 (PODANI 2001) . The taxa that occurred in more than the 20 % of samples were taken into account in the PCA analysis. 
Results and discussion
Lemnicola hungarica was found in every sample, but its abundance varied over a wide range: there were samples where the occurrence was at floristic detection level, whilst in other samples the species was dominant (99%). The morphological variability of Lemnicola in the studied samples is presented on Fig. 2 Tab. 2.) . Only these taxa were taken into consideration in this list that occurred in at least 20 % of the samples.
The dominant and subdominant taxa fit very well with the earlier published duckweed floras (e.g. GOLDSBOROUGH 1993). Lemna minor in Canadian lakes was inhabited by Amphora veneta, Cocconeis placentula, Eunotia bilunaris, Gomphonema parvulum, Epithemia adnata (≥5 %). This floristical similarity may suggest that the diatom assemblages on Lemnaceae are characteristic to theirs hosts. Their spatial and seasonal distribution is also very similar.
In our samples the species richness in individual samples varied between 3 and 12 that is very low (Tab. 2.). The Shannon-Weiner diversity always was less than 3, generally less than 2, but its minimum value was 0.13. The percentage distribution of dominant taxa varied on different Lemanaceae species. Lemnicola hungarica is most abundant on Spirodela, Lemna gibba and Lemna minor. On these hosts more than half of the diatoms cells belonged to Lemnicola hungarica. In the case of Wolffia, Lemnicola is also the characteristic diatom in its coating, but its percentange abundance is less than 50 %. Whilst on Lemna trisulca, Lemnicola is just one of the minor taxa, these coatings can be charactised by Cocconeis placentula dominance.
The result of PCA analysis (Fig. 5 ) has revealed the significance of Cocconeis placentula relative to Lemnicola hungarica. Axis 1 accounts for 68 % of total variance, while the axis 2, for 15 %. Altogether, the first 2 axes account only for 83 % of total variance. Fig. 6 . present the results of PCA anlysis on the samples. The diatom assemblages of the different Lemnaceae species are grouped together in a well defined cluster, however Lemna trisulca forms in a well separated group.
To summarize the above results, it can be concluded that Lemnicola hungarica does not prefer every "Lemna", but it is tightly attached to well definable taxa of the family Lemnaceae (Wolffia and Spirodela). One of the most remarkable results of our study is that Lemnicola hungarica is not the main epiphyte of Lemna trisulca. The diatom Cocconeis placentula was the characteristic epiphyte in the five samples of Lemna trisulca, while Lemnicola hungarica was conspicuously rare (less than 1 %). In contrast, Lemnicola hungarica was a main component of the diatom assemblages on Sirodela polyrrhyza and on Lemna minor and L. gibba. In addition, Lemnicola hungarica was the dominant epiphyte on the tiny Wolffia arrhiza.
Besides the biogeographical distribution of diatom assemblages of duckweeds some observation was also made on much smaller scale. Solitary Lemna plants (L.minor) were studied by means of scanning electron microscope. It is a well-known fact that the spatial microdistribution of the epiphytic diatoms on the leaf and root of duckweeds is chracteristic and different (Round pers. com.) . Within a few millimetres the species richness as well as the diversity changes markedly (e.g. Goldsborough 1993 ). The diatom assemblages are different on the surface of phyllosphere and on the different parts of the root (Fig. 4 .) The intact coating of the bottom of the leaf is covered almost exclusively by Lemnicola hungarica. Moving away from the leaf, along the root, more and more species can penetrate to the uniform coating that consist of Lemnicola. It is supposed that the presence or absence, as well as the position of diatom species on the surfaces must be controlled by some chemical or physicochemical factors (Round pers. com.) . To prove the existence of chemical factor, further studies are required. Notwithstanding the composition of duckweed epiphyton looks stable and the species richness is low all over the World. During the investigation a probably initial or post-initial valva of Lemnicola hungarica was found. Sexual reproduction has been documented in only a very few diatom species (ROUND et al. 1990 ), especially in natural or seminatural conditions (POULÍČKOVÁ & MANN 2006) . Sexual events in diatoms usually need to be studied in diatom clones growing in cultures. (JEWSON & LOWRY 1993) . Nothing has been published on sexual reproduction in Lemnicola hungarica. One initial cell was found in an Italian sample of Sirodela polyrhiza (BP 47394 Flora Italica Exsiccata, Fig. 7 ). This initial valva has more rounded shape than the vegetative cells, almost twice as long (70 µm) as the average length of cells. Note the irregular striae pattern on Fig. 7 . Only one such valva was observed during within more than 10 000 vegetative Lemnicola valves. Otherwise, the sexual reproduction of diatoms nowadays is in the focus of research because of their potential use in nanotechnology (TIFFANY 2005) .
Results of research on the coexistence of Lemnicola hungarica and the duckweed species may provide useful data in the palaeolimnological reconstruction of ponds and lakes. Accumulation of Lemnicola in the sediment layers can be an evidence of the origin of organic matter in sediment (POULÍČKOVÁ et al. 2005) . Further research on the occurrence and distribution of Lemnicola should be focused on autecology in context to eutrophication and changes in countryside (forests exploitation).
Finally, these data would greatly assist work on vegetational historical reconstructions. 
